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SYSTEM AND METHOD OF USING A SIDE-MOUNTED 
INTERFEROMETER TO ACQUIRE POSITION INFORMATION 

BACKGROUND ART 

[0001] In various applications, it is necessary to acquire precise informa- 
tion regarding the position of an object. The object of interest may be fixed in 
position or may be a movable one. By way of example, positioning systems 
and measuring systems that are used in the integrated circuit fabrication 
industry must have a high level of accuracy. Prior to wafer dicing, an array 
of identical integrated circuits is formed on a semiconductor wafer by stepping 
the wafer relative to a system or system component, such as an image- 
bearing reticle. Often, both the reticle and the wafer are connected to stages 
which are movable. As used herein, a "wafer stage" includes both an 
apparatus for supporting the wafer and/or the apparatus for supporting the 
reticle. 

[0002] A typical wafer stage is movable in perpendicular X and Y direc- 
tions. The wafer stage can therefore be stepped after each exposure of the 
wafer. For example, in the use of a reticle, a photoresist layer may be 
repetitively exposed onto a wafer by projecting an image of the reticle through 
a projection lens to one area on the wafer, stepping the wafer stage, and 
repeating the exposure. The wafer is scanned using the X and Y movements 
of the wafer stage until each integrated circuit region is properly exposed. 
In addition to the movements in the X and Y directions, Z axis movement 
is enabled. In wafer lithography, the Z axis may also be considered the 
exposure optical axis or the "focus" axis. The required range of motion in the 
Z direction is significantly less than the necessary ranges in the X and Y 
directions. 

[0003] Acquiring position information regarding movement of a wafer 
stage in the Z direction is somewhat more problematic than acquiring such 
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information for X and Y movements. An approach to providing Z axis 
measurements is to use an encoder that employs interferometric techniques. 
One concern with this approach is that interferometer components must be 
relatively large in order to capture the diffracted orders as the stage translates 
through its full range, since the required diffraction. angle must be relatively 
great in order to achieve the target accuracy. As an alternative, a standard 
Michelson interferometer may be used to monitor Z axis motions. However, 
if the measurement is performed from the projection lens side of the wafer 
stage, the percentage of stage real estate that is available to the wafer or 
reticle must be smaller (for a given size stage), since the laser light from the 
interferometer should not impinge the wafer or reticle. On the other hand, if 
the measurement is performed from the side of the stage opposite to the 
projection lens, the measurement system must use an intermediate reference, 
such as the stone below the stage. Among other potential disadvantages, this 
requires a separate measurement of the stone relative to the projection lens. 

[0004] Fig. 1 illustrates another approach to acquiring position information 
of a wafer stage 10 along a Z axis. This approach is described in detail in 
U.S. Pat. No. 6,208,407 to Loopstra. A wafer 12 is shown as being sup- 
ported on the stage for exposure by projection optics or exposure tool 14. 
The advantage of this approach is that although the interferometer 16 is 
positioned at the side of the stage 10, accurate Z axis measurements may be 
obtained. This is enabled by properly positioning mirrors which establish a Z 
measuring axis 18 that is parallel to the Z axis 20 of the exposure system. A 
first mirror 22 is arranged at a forty-five degree angle to movement of the 
stage 10 along the X or Y direction. A measuring beam 24 from the inter- 
ferometer impinges the forty-five degree mirror to establish the Z measuring 
axis 18. A horizontal mirror 26 is attached to structure 28 of the exposure 
system, so that the beam is redirected to the first mirror 22, which reflects the 
returned beam to the interferometer 16. In addition to the measuring beam 
24, the interferometer projects a test beam 30 for reflection from a vertical 
surface 31 of the stage 10. 
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[0005] As can be seen in Fig. 1 , movement of the wafer stage 10 along the 
Z axis 20 will result in a change in the length of the beam path segment from 
the forty-five degree mirror 22 to the horizontal mirror 26. Thus, while the 
interferometer 16 is located at the side of the stage, the measuring beam 24 
has a path segment that varies in length in unity with Z axis displacements of 
the stage. In fact, the reflection from the horizontal mirror 26 to the forty-five 
degree mirror provides a second beam path segment that varies in unity with 
Z axis movement of the stage. On the other hand, the length of each beam 
path segment for the test beam 30 is fixed, unless the stage 10 is moved in 
the X direction. 

[0006] While the approach described with reference to Fig. 1 operates well 
for its intended purposes, there are cost concerns, since the horizontal mirror 
26 is a relatively large reflective component that requires a high degree of 
planarity. Moreover, as the linewidths of the features of integrated circuits 
decrease, the size of the projection lens of the projection optics 14 increases. 
In Fig. 1 , this would result in an increase of the diameter of the projection 
optics. As a consequence, the requirement of a horizontal mirror 26 to 
accommodate the entire range of motion of the stage imposes a potential 
difficulty with respect to achieving further reductions of linewidths. 

[0007] For systems in which the increase in size of a projection lens is not 
an issue, there may be other reasons for avoiding the use of a horizontal 
mirror of a similar type and orientation of Fig. 1 . 

SUMMARY OF THE INVENTION 

[0008] A system for acquiring position information of a movable apparatus 
relevant to a specific axis is achieved without requiring either an interferome- 
ter or its beam-steering members to be located in a position that would affect 
performance or design flexibility of the overall system in which the movable 
apparatus is a component. For example, where the movable apparatus is a 
wafer stage and the specific axis is the vertical Z axis, the beam-steering 
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members of the system for acquiring position information are neither directly 
above nor directly below the wafer stage. 

[0009] In accordance with one embodiment of the invention, the system 
includes a movable apparatus having first and second reflective faces, an 
interferometer positioned to direct beams for impingement of the reflective 
faces, and beam-steering members located with respect to the interferometer 
and reflective faces to manipulate the reflected beams to reach a beam 
combiner without requiring a beam path segment that varies in length in unity 
with displacements of the movable apparatus along the axis. The movable 
apparatus may be a "wafer stage" on which a wafer or reticle is mounted for 
movement between steps of integrated circuit fabrication. In this application, 
the "specific axis" is the Z axis (i.e., the lithography optical axis) and the 
reflective faces are on the side of the wafer stage associated with a parallel to 
the Z axis. However, the first and second reflective faces are non-parallel to 
the Z axis itself. 

[0010] In order to control "walk-off' of the first beam relative to the second 
beam upon reaching the beam combiner, the angles of the first and second 
reflective faces and the positions and angles of the beam-steering members 
are preferably selected such that the two beam paths vary in opposition when 
the movable apparatus is displaced along the axis for which the position 
information is being acquired. The interferometer may be configured to direct 
the first and second beams at a generally perpendicular angle with respect to 
displacement of the movable member along the specific axis, with the first 
and second reflective faces being oppositely sloped as measured with respect 
to the perpendicular angle. The beam-steering members may include first 
and second beam-return mirrors that are respectively located in alignment 
with the first and second reflective faces to cause the beams to retrace 
(e.g., plane mirrors) or to parallel (e.g., roof mirrors) their original beam path 
segments in returning to the interferometer. 
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[001 1] In accordance with the method of utilizing the interferometric 
system to acquire the position information, the first and second beams are 
generated and directed toward the movable apparatus. As previously noted, 
the beams may both be at ninety degrees to the specific axis. The two beams 
are manipulated via reflections such that each beam path segment in which 
the beam either impinges or is reflected by the movable apparatus is sym- 
metrical to a corresponding beam path segment for the other beam, if the 
movable member is in its beam symmetry position along the specific axis. 
However, as the movable apparatus is displaced from its beam symmetry 
position, at least some of the beam path segments will be changed in length, 
thereby providing the basis for interferometrically determining the position 
information. The two beams have different optical characteristics (e.g., 
frequency and/or polarization), allowing the employment of standard inter- 
ferometric techniques. 

[0012] The system and method enable all optical members that are 
mounted to a wafer stage to remain beyond the ranges of the wafer stage 
movements in the X and Y directions, even if the wafer stage is considered to 
move beyond its possible range of motion in the Z direction. Consequently, 
the locations of the optical members are unlikely to affect design considera- 
tions of other aspects of the overall system in which the invention resides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 is a side view of a prior art system for acquiring position 
information relevant to a specific axis. 

[0014] Fig. 2 is a side view of a system for acquiring position information in 
accordance with one embodiment of the invention. 

[0015] Fig. 3 is a side view of one possible combination of optical compo- 
nents for splitting and recombining beams of the system of Fig. 2. 
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[0016] Fig. 4 is a side view of another embodiment of the invention, using 
roof mirrors and a divided prism. 

[0017] Fig. 5 is a third possible embodiment of the invention. 

[0018] Fig. 6 is a process flow of steps for utilizing the systems of 
Figs. 2-5. 

DETAILED DESCRIPTION 

[0019] A system for acquiring position information relevant to a specific 
axis will be described as being used within a lithography environment. How- 
ever, the invention may be used in other applications. The system is best 
suited for applications in which the range of movement is relatively minor, 
compared to a range in motion in either or both of the perpendicular axes. In 
Fig. 2, the system may be used to monitor motion along a vertical Z direction, 
which is aligned with the exposure optical axis 32 (or "focus" axis) of a 
lithography system 34. In this particular application, the movable apparatus 
includes a wafer stage 36 and a prism reflector 38 having a first reflective face 
40 and a second reflective face 42. As previously noted, the term "wafer 
stage" is defined herein as including stages which support a reticle of the 
lithography system, but at the upper portion of the system, rather than the 
lower portion shown in Fig. 2. It should be noted that the lithography system 
can be rotated, so that the axis is no longer vertical. 

[0020] The position acquisition system includes a source of a first beam 44 
and a second beam 46. As one possibility, the source comprises a laser 48 
and a beam splitter and recombiner 50. As will be described more fully below, 
the recombined beams are directed to a detector 52. The laser 48, splitter 
and recombiner 50, and detector 52 are components of an interferometer. 
The first and second beams may have different frequencies and polarizations, 
wherein the different polarizations facilitate separation and recombination of 
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the beams, and wherein the different frequencies facilitate the measurements 
of beam path lengths, thereby providing the basis for detecting and/or 
quantifying movements. 

[0021] Merely by way of example, Fig. 3 shows a more detailed arrange- 
ment of possible components for implementing the interferometer. The laser 
48 may be a standard two-frequency optical laser. The frequency difference 
can be generated in a number of ways, including, but not limited to, Zeeman 
split or acousto-optic modulation. A Helium-Neon laser may be used to 
provide a beam having orthogonal polarized components with a frequency 
difference. 

[0022] The beam from the laser 48 enters a beam splitter 54 that is 
polarization sensitive. The first beam 44 having a particular frequency and 
polarization passes through the beam splitter, while the second beam 46 
having a different frequency and a different polarization is internally reflected 
toward a mirror 56 of the interferometer. 

[0023] Upon exiting from the beam splitter 54, the first and second beams 
44 and 46 pass through quarter-wave plates 58 and 60, respectively. Each 
quarter-wave plate provides circular polarization. 

[0024] The two beams 44 and 46 are directed toward the stage 36 having 
the mounted wafer 62 at angles less than forty-five degrees relative to the Z 
axis. In the embodiment of Fig. 3, the angle is ninety degrees relative to the 
Z axis. Therefore, the angles of the first and second reflective faces 40 and 
42 of the prism reflector 38 should be less than forty-five degrees to the 
incoming beam path. An angle of forty-five degrees or greater would result in 
a reflection that carries the concerns and disadvantages of prior approaches. 

[0025] The first and second reflective faces 40 and 42 of the prism 
reflector 38 determine the angles of the next beam path segments. 
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A pair of beam-steering members 64 and 66 is located to again reflect the 
two beams. Since the reflection is back to the wafer stage, the two optical 
members may be referred to as beam-return mirrors. 

[0026] The second reflections from the prism reflector 38 direct the first 
and second beams 44 and 46 back to the interferometer. Each beam follows 
its original path to the interferometer, where the second beam 46 is again 
reflected by the interferometer mirror 56. Upon transition through the two 
quarter-wave plates 58 and 60, the orientations of the two polarizations are 
such that the first beam 44 is now reflected and the second beam 46 is now 
propagated without reflection through the beam splitter 54. This produces a 
combined beam 68 that exits the splitter at its lower port in order to reach 
the detector 52. Any detector conventionally used in interferometry may be 
employed. For example, the detector may be a photodiode connected to a 
conventional amplifier 70 and phase detector 72. As is well known in the art, 
shifts in phase may be used to acquire position information regarding stage 
displacement. 

[0027] Returning to Fig. 2, the wafer stage 36 may be considered to be 
currently in a "symmetry position," since each of the four beam path segments 
of the first beam 44 involving contact with the reflective face 40 is symmetrical 
to a corresponding beam path segment of the second beam 46. That is, in 
comparing the propagations of the first and second beams, the path lengths 
between the interferometer 50 and the prism reflector 38 are equal and the 
path lengths between the prism reflector and the beam-steering mirrors 64 
and 66 are equal. However, as the wafer stage 36 is moved upwardly or 
downwardly along the Z axis, the lengths of the path segments will vary in 
opposition. Downward movement of the wafer stage will cause the four 
relevant path segments for the first beam 44 to decrease in length, since the 
first reflective face 40 is sloped accordingly. On the other hand, the opposite 
slope of the second reflective face 42 causes the four beam path segments 
to lengthen with the downward movement. Upward movement of the wafer 
stage 36 increases the lengths of the path segments for the first beam, but 
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decreases the path segments for the second beam. As can be readily under- 
stood, the total length change for each beam path is multiplied by a factor of 
four, since four path segments vary uniformly. As a result of the multiplication 
of length variations, the phase detection processing performed on the com- 
bined beam 68 may be used to precisely measure the displacements of the 
wafer stage 36. 

[0028] Referring now to Fig. 4, another embodiment of the invention is 
illustrated. In this embodiment, a pair of reflectors 74 and 76 takes the place 
of the single prism reflector of Figs. 2 and 3. However, the two oppositely 
sloped reflective faces 40 and 42 are still provided. A more significant dif- 
ference is that rather than using plane mirrors to provide the beam steering, 
a pair of roof mirrors 78 and 80 is utilized. A roof mirror may consist of two 
mirrors joined together at ninety degrees. The roof mirrors are in any 
orientation that establishes symmetrical beam segments. In some 
applications, the symmetry requirement is somewhat relaxed, but in such 
applications there can be no beam path segment that varies in length in unity 
with displacements of the movable apparatus (such as the wafer stage 36) 
along the axis of interest (such as the Z axis). 

[0029] The operations of the position information acquisition system of 
Fig. 4 are generally identical to those of the embodiment of Fig. 2. However, 
the beam return paths for the first and second beams 44 and 46 will be 
slightly spaced from the original beam propagation paths. Nevertheless, 
because the two reflective faces 40 and 42 are oppositely sloped and the roof 
mirrors are properly oriented, the four beam path segments in which the first 
beam 44 either impinges or has been reflected from the reflective face 40 will 
be symmetrical to the corresponding beam path segments for the second 
beam 46, when the wafer stage 36 is in its symmetry position. Moreover, any 
movement by the stage along its Z axis will cause the two beam paths to vary 
in opposition. 
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[0030] The interior configuration (not shown) of the beam splitter and 
recombiner 50 is designed to recombine the two incoming beams to form a 
single beam 68 directed to the detector 52. Then, conventional techniques 
may be used to acquire position information regarding the wafer stage 36. 

[0031] Fig. 5 shows another embodiment of the invention. As with Fig. 4, 
components that are identical to those described with reference to other 
embodiments are provided with the same reference numerals. A laser 48 
provides the input to a beam splitter and recombiner 50. By operation of the 
beam splitter, first and second beams are provided with a difference in either 
or both of frequency and polarization. 

[0032] Similar to the embodiments of Figs. 2, 3 and 4, each of the two 
beams follows a path that includes four path segments that either impinge or 
have been reflected by the associated reflective face 40 and 42. Reference 
numeral 82 represents two of these beam segments for the first beam, while 
reference numeral 84 represents the two corresponding beam segments for 
the second beam. In similar manner, the reference numeral 86 represents the 
other two beam segments for the first beam (where contact is made with the 
reflective face 40) and reference numeral 88 represents the corresponding 
two segments for the second beam. When the wafer stage is in its beam 
symmetry position, the combination of beam segments 82 and 86 will be 
symmetrical with the combination of beam segments 84 and 88. 

[0033] The first beam exits from the beam splitter and recombiner 50 and 
is directed toward the reflective face 40, along the beam segment represented 
by reference numeral 82. In comparison, the second beam exits from the 
upper port of the beam splitter and recombiner and is reflected by a plane 
mirror 90 before reaching a penta mirror 92. Alternatively, mirror 90 is a roof 
mirror. The second beam is manipulated by the penta mirror to provide the 
initial beam path segment to the reflective face 42. The second and third 
beam path segments for both beams are provided by the return reflections 
between the reflective faces and the plane mirror 90. Finally, the fourth beam 
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segments are coaxial with the first segments for the same beams. Conse- 
quently, the two beams are recombined and directed to the detector 52. 

[0034] Referring now to Fig. 6, a process flow of steps for implementing 
the invention in accordance with one embodiment includes the step 94 of 
generating first and second beams. The two beams are distinguishable with 
respect to either or both of frequency or polarization. It is likely that perform- 
ance is maximized when the beams have different frequencies and orthogonal 
polarizations. The two beams may be generated using separate lasers, or the 
above-described techniques for beam splitting may be used. 

[0035] At step 96, the two beams are directed to impinge a movable 
apparatus, such as a wafer stage. In Fig. 2, both beams 44 and 46 are 
directed by the interferometer, but Fig. 5 shows an embodiment in which the 
second beam is directed at the movable apparatus only after reflections from 
a plane mirror 90 and a penta mirror 92. 

[0036] In step 98, beam reflections are used to establish symmetrical 
beam segments. In some applications, the symmetry requirement is some- 
what relaxed, but in such applications there can be no beam path segment 
that varies in length in unity with displacements of the movable apparatus 
along the specific axis of interest. As the movable apparatus is displaced 
along the specific axis, the symmetry will be affected, since the beam path 
segments for one beam will lengthen while the path segments for the other 
beam will be reduced in length. Nevertheless, the differences in lengths of 
individual segments will be relatively minor, so that the associated path 
segments remain "generally symmetrical." 

[0037] The two beams are combined at step 100. Conventional tech- 
niques may be employed. Then, at step 102, position information is deter- 
mined regarding the movable apparatus. As previously noted, phase 
detection may be used in acquiring the position information. 
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[0038] While the illustrated embodiments of the invention utilize plane 
mirrors, roof mirrors and penta mirrors, other reflective components may be 
substituted. Moreover, other types of beam-return "mirrors" may be 
employed, including refractive components, diffractive components, and 
holographic components. 

[0039] One advantage of the invention results directly from the first and 
second reflective faces being located on a side of the movable apparatus 
associated with a parallel to the specific axis. In some applications of the 
invention, this has significant consequences. For example, in the movement 
of a wafer stage during fabrication processing, any remaining limitations on 
design are imposed by non-measurement related factors. The optical mem- 
bers that cooperate with the reflective faces remain beyond the ranges of the 
wafer stage as it is moved in directions perpendicular to the exposure axis. 
Thus, the optical members do not interfere with other considerations. 

[0040] In lithography and other possible optical applications, air showers 
are provided for purposes such as cooling and reducing the risk of contam- 
ination by settling particles. Uniformity of the air shower can be important, 
since disruptions in the air shower can cause fluctuations in the index of 
refraction of air. These fluctuations in the index can in turn cause fluctuations 
in the optical phase measured by a laser interferometer, leading to inter- 
ferometer measurement error. It is believed that another advantage of the 
present invention is that, as compared to prior art techniques for acquiring 
the desired position information, the likelihood of a uniform air shower is 
increased. 

[0041] One prior art approach to determining movement of a wafer stage 
includes a stage mirror that is at a forty-five degree angle to the incoming 
laser beam (Fig. 1). A concern is that as the stage rotates, the alignment of 
the beam polarization to the s and p directions of the beam/mirror interface 
degrades, resulting in polarization rotation. In comparison, the embodiments 



Attorney Docket No. 10040292-1 



13 

of Figs. 2, 3, 4 and 5 use stage reflective faces that are near normal to the 
incoming radiation, thereby minimizing the effects of polarization rotation. 

[0042] Yet another advantage of the invention is that the dynamic range is 
improved. Some prior art approaches unintentionally introduce beam sheaf 
that is different for the two beams of an interferometer. By reducing the 
relative beam shear between the interfering beams, the present invention 
improves the dynamic range. Moreover, the reduction in the relative beam 
shear reduces the effect of wavefront-related measurement. Any walk-off of 
one beam relative to the other at the detector remains well within the accept- 
able tolerances for applications such as displacement of a wafer stage. 



